Prosthetic valvular dysfunction resulting in clinically significant complications occurred in six patients with Hancock porcine heterografts. In one patient with a prosthetic valve in the aortic position, massive prosthetic thrombosis resulted in sudden death. In two patients who had a mitral prosthesis, thrombosis resulted in congestive heart failure and systemic embolization; in one of the latter patients, the thrombi were infected with Candida sp. Calcification of organizing thrombi and cusp tissue resulted in valvular stenosis and congestive heart failure in one patient with an aortic prosthesis and in two patients with mitral prostheses. Four of the six patients died. The prosthetic valves had been in place for 6 months to 3 years before onset of complications. During the same 4-year interval, over 400 porcine prostheses were inserted. This report provides further clarification of the nature and frequency of clinical complications related to degeneration and thrombosis of Hancock porcine heterograft valves.
THE PORCINE HETEROGRAFT has become the prosthetic valve of first choice in many medical centers.' -After insertion of the porcine heterograft, anticoagulation is generally not necessary because the frequency of embolic phenomena is small. 3 During the past 4 years, we have observed six patients who developed significant clinical complications associated with gross and histopathologic evidence of thrombosis or calcification of porcine heterografts. Five patients exhibited various manifestations of clinical deterioration and valvular dysfunction, and one patient died suddenly after complete obstruction of his aortic valve heterograft. In this report, we describe the clinical details and morphologic correlations in these patients.
Materials and Methods

Patients
Over the past 48 months, approximately 400 porcine heterografts have been implanted at Parkland Memorial Hospital and the Veteran's Administration Hospital in Dallas, Texas. Six adult patients (each with a Hancock porcine heterograft) have had significant thrombosis or calcification of their porcine heterografts (table 1). The porcine prostheses were obtained for detailed morphologic evaluation after surgical replacement in four patients and at postmortem examination in two. Rheumatic fever and consequent valvular damage were responsible for the initial valvular abnormalities in four patients; one had congenital aortic stenosis and a bicuspid aortic valve, whereas the other had traumatically induced aortic insufficiency. None had clinically significant renal insufficiency or elevated levels of serum calciumphosphorus product.
Morphologic Examination
The porcine heterografts from these patients were fixed in phosphate-buffered 10% formalin, inspected grossly and photographed. Blocks from each valve were embedded in paraffin, with or without prior decalcification. Sections from the blocks were stained with hematoxylin and eosin and, in some instances, with Masson's trichrome stain, the periodic acid-Schiff technique or the Brown and Brenn variant of the Gram stain. Frozen sections from two valves were stained with the oil-red-O method for neutral lipids. Small blocks from one valve were embedded in epoxy resin and sectioned for electron microscopy.
For comparison, four porcine heterografts were obtained from three patients who died of causes unrelated to prosthetic valve dysfunction 1-15 days after valve implantation. These valves were fixed in formalin and histologic sections were prepared as described above.
Results
Five of the six patients in whom thrombus developed on their porcine heterografts were males. The ages of these patients ranged from 22-59 years (mean 40 years). Rheumatic heart disease caused the initial valvular abnormality in four. Initial valvular abnormalities were mitral stenosis in three, aortic insufficiency in one, valvular aortic stenosis in two and mitral insufficiency in one. In the patients with valvular aortic stenosis, one had previous rheumatic heart disease and the other had a congenitally bicuspid aortic valve.
The length of implantation of the porcine heterografts ranged from 6 months to 3 years (mean 24 months). Clinical complications are summarized in table 1. Patient 2 was asymptomatic until sudden tPatient was 17 years old at original implant, an age that may be associated with earlier degeneration of porcine valves.'7 Abbreviations: AI = aortic insufficiency; AV = aortic valve prosthesis; CAI) = coronary artery disease; Cong. AS = congenital aortic stenosis (bicuspid valve); ECG = electrocardiogram; MR = mitral insufficiency; MS = mitral stenosis; MV = mitral valve prosthesis; PAPVD = partial anomalous pulmonary venous drainage; RHI) = rheumatic heart disease; SBE = subcutate bacterial endocarditis; SEMIs = subendocardial myocardial infarcts; B = black; W = white; F = female; M = male. collapse and death. In the other five patients, a clinical diagnosis of valvular dysfunction was made, but one (patient 4) died before surgical intervention. The other four patients underwent valve replacement, but two diedpatient 1 of severe heart failure and patient 2 of embolic complications.
Morphologic Findings
The four porcine heterografts removed from patients who died without prosthetic valve malfunc-tion were grossly normal. On histologic examination, the valve cusps exhibited a fibrosa composed of dense collagen, a spongiosa composed of more loosely arranged collagen, and a thin compact ventricularis. Focal small fibrin deposits and aggregates of lymphocytes were observed occasionally on the valve cusps.
The porcine mitral heterograft from patient 1, who had recurrent perivalvular leakage, showed large thrombi attached to the cusps and prosthetic rings 863 Voi 62, No 4, O(r[OBER 1980 C FIcGLRE 1. Gross and histopathologic findings in patient 2, who died suddenlv 9 mlonths after a porcine heterograft was imiiplanted in the aortic valve position. (A J View of the prosthesis fromn the outflow (aortic) side shows a large throinbus (T) completely filling one of the cusps. The other two cusps also were filled with thromibus, which was remiioved for microbiological studies at autopsy. (B) The thronmbus consists offibrin, platelets and leukoc'vtes and isfree of microorganisms. Cultures were negative (hematox v/in and eosin stain, miagnification X 148). (C) Histologically, the valve cusps exhibited a fibrosa (F) on the outflow side and a spongiosa (S) and ventricularis (V) on the inflow side. The collagen oJ the cusps is focally disrupted, especiall.y in the spongiosa, which also contains pools ofamorphous proteinaceous nmaterial (hematoxylin and ecosin .stain, magnification X 148). (D) Higher magnification view shows the very loose collagen and pools of proteinaceous material in the spongiosa (top) and denser collagen and elasticfibers in the ventricularis (bot-tomI) (hematovxvllin and eosin stain, magnification X 370).
(table 1). The thrombus from the first valve did not have identifiable microorganisms, whereas the thrombus from the second valve had large numbers of fungi (Candida sp.). The cusps from both valves were histologically unremarkable.
In the porcine aortic heterograft from patient 2, who died suddenly, large thrombi filled each of the cusps (table 1, fig. 1 ). The aortic valve prosthesis appeared completely obstructed by the massive thrombus, which was presumably responsible for his ClIRCULATION 864 FI-I URiK 2. A n electron mnicrograph of cusp tissue fron patient 3, who had a mnitral porcine heterograft in place for -2 rears. The collagen fibrils (arrovw,s) appear to h/lend into abnornoral depos its of granular and/fin/el fibrillar, electron-dense material. The.se changes appear to result fromiz degeneration of collagen and aecunmulation of plastmia proteins in the valve cusps`(magnification X 40,000). sudden death. The thrombus was not organized and was devoid of stainable microorganisms. The cusps showed foci of degeneration characterized by disruption and fraying of collagen and accumulation of amorphous proteinaceous material. Focal calcification was not identified. The presence of the proteinaceous material was helpful in distinguishing degenerative changes from separation and spreading of tissue due to processing and cutting of the sections. Similar light and/or electron microscopic evidence of this type of degenerative change was observed in other patients (fig. 2) .
The prosthetic valves from the other patients (table 1) also showed more chronic degenerative changes. These prostheses showed multifocal, firm, granular, friable deposits that were present on both surfaces but were particularly prominent adjacent to the commissures near the base of the cusps (figs. 3-5). These deposits had the histologic appearance of organizing thrombi containing abundant calcium (figs. 3 and 4). Microorganisms were not identified. The cusps showed multifocal degeneration characterized in some areas by a decrease in collagen and accumulation of amorphous proteinaceous material and in other areas by extensive calcification of the degenerated tissue. The cusps frequently had a gross yellowish appearance suggestive of lipid accumulation. Lipid accumulation in two valves was confirmed in frozen sections stained with oil-red-O ( fig. 4 ). The focally calcified cusps exhibited increased rigidity (figs. 3-5). These findings appeared to correspond to the fupctional stenosis observed clinically (table 1) . Discussion
The glutaraldehyde-preserved porcine heterograft is widely used as a prosthetic cardiac valve.' 6 Acceptable clinical and hemodynamic results have been reported by several groups in patients with porcine heterografts for up to 5 years.' 6 Previous studies have emphasized the low incidence of thromboembolism and the general lack of need for long-term anticoagulation."s 3, 7 More recently, structural changes in glutaraldehyde-fixed porcine heterografts have been found in heterograft tissue obtained at surgical replacement of the valve or at postmortem examination.8 13 These alterations have included focal thrombosis and degeneration of the cusps, fibrin deposits on inflow and outflow surfaces of the cusps, inflammatory cellular infiltrates, giant cell formation, focal disruption of the fibrocollagenous structure of the cusps, focal calcification, and, in some cases, associated in- (C) Histologic section shows one nodular thrombus (T) that is partially calcified (Ca). The thrombus is attached to a portion oJ the cusp that is also extensively calcified (arrows) (hemiatoxylin and eosin stain, magnification X 148). (D) Calcium (Ca) also is deposi.ted in areas of the cusps without attached thrombi (hematoxylin and eosin stain, magnification X 370). fection with various microorganisms.8 13 Although calcification of fresh aortic homograft valves can be a significant problem,4' calcification of Hancock prosthetic valves has also been reported.3'
Carpentier et al. described calcification and perforation of a glutaraldehyde-fixed heterograft 1 year after operation; this heterograft was implanted in a tubed conduit for the treatment of pulmonary valve atresia.3 The severity of the gross and microscopic alterations in the prostheses has been directly related to the length of implantation.8'-3 Previous investigators have sugges-ted degeneration of collagen and endothelium as a possible basis for the alterations in the glutaraldehyde-fixed Hancock prostheses,' .'" and have emphasized that the porcine bioprostheses are not biologically inert in the human circulation. 8' 9 The frequency of clinically significant complications associated with degenerative changes of the porcine bioprostheses is an important issue. Earlier studies have suggested that severe valvular dysfunction caused by degenerative changes is rare, although one patient described by Fishbein et al.9 had diffuse prosthetic (C) His tologic section shows a large, extensivel/ calcified thrombus with calcium deposits also located ini the adjacent cusp (hem?Zatoxvlvin and eosin stain, magnification X 59). (D) Other areas oJ'the cusps exhibited disruption of the collagen, proteinaceous deposits (see figure 1t and extensive lipid deposits, which appear as dlarkli, stained areas in the photomicrograph (frozen section, oil-red-O stain, magnification X 148). thrombosis causing stenosis. Others have suggested a 1-2% incidence of calcific and fibrotic alterations of Hancock valves resulting in clinical dysfunction.`l The incidence of clinical complications appears to be higher in children`7 18 and in patients with chronic renal disease or clotting abnormalities.8 9, 16 There is an additional report of marked thrombus formation with acute obstruction of a Hancock porcine valve and sudden death in a young man with aortic regurgitation as his initial valve lesion. 19 In the six patients reported here, significant calcification or thrombosis of the porcine prostheses developed. In one patient, sudden death occurred when a glutaraldehyde-fixed Hancock porcine aortic valve heterograft was obstructed by massive thrombus deposition (table 1). Two patients died as a result of thrombosis of mitral porcine heterografts associated with systemic embolization; in one of these patients, the thrombi were infected with Candida sp. Another patient with an aortic porcine heterograft died with progressive left ventricular failure associated with extensive calcification of cusp tissue and adjacent organizing thrombi. In the remaining two patients, Hancock mitral valve prostheses developed organizing thromboses with calcification, resulting in large gradients and significant obstruction across the 867 Voti 62, No 4, OCTWHIR 1980 A B ITlUhliflIWhI 11111 1) llTtllT-lITIIllflhhhhlllhhhIl -ICit RE-5. Porcine mitral valve heterograJt from7i patient 6, whose condition deteriorated clinicall/ 3 sears after inserlion of* the prosthesis. A 2(0-nun lig inean gradienit across th/ v,alv>e was found at cardiac catheterization atnd the tnitral valvle area was 0.5 c'm2. (A ) On the inflow (leji atrial) surjace, the cusps exhibit a roughenied appearatnce due to the presence of tniiiiierout.s c,alcifitc deposits that itncreased the stifimiess of the cusps. (B) Omi the outflovw (left ventricular) surface, tnodutlar calcified thromnhi are seen. Histologi finidings were siminilar to those ini figures 3 antd 4. prosthesis and in marked clinical deterioration. In both patients, the problem was identified by appropriate clinical and hemodynamic evaluations, allowing removal of the prosthesis and replacement with another prosthetic valve. The etiology of the thrombus formation and calcification on the glutaraldehyde-fixed Hancock porcine prosthesis is not clear, although degeneration of endothelium and collagen may be involved.'0 ii Nevertheless, cardiologists and cardiovascular surgeons must now be aware of the phenomenon of porcine heterograft dysfunction in order to identify patients in whom clinical deterioration is related to obstruction of porcine prostheses and to allow careful scrutiny of the frequency of this phenomenon in large numbers of patients undergoing cardiac valve replacement with these prostheses. Whether similar degenerative changes and marked thrombus deposition will occur on the Carpentier porcine prosthesis is uncertain, but the similarity of the fixation process and other general similarities between these prostheses suggest that such may occur. Whether anticoagulation would protect against thrombus formation on porcine prostheses is unknown. A newly positive postoperative pyrophosphate scintigram is more sensitive and specific than the development of new postoperative Q waves for the diagnosis of hemodynamically significant perioperative myocardial infarction. CK-MB is highly sensitive, but too nonspecific to be useful for the diagnosis of perioperative infarction.
THE GOALS of coronary artery bypass surgery, in addition to relief of angina and prolongating life, include prevention of myocardial infarction and preservation of functional left ventricular muscle.' To assess the efficacy of surgery in reaching these goals, the incidence of perioperative myocardial infarction must be considered. Accurate detection of myocardial infarction in patients undergoing coronary artery bypass surgery, however, may be difficult. The postoperative development of new Q waves on the ECG,2-'6 elevation of serum cardiac enzymes7-"or the finding ofmyocardial uptake of technetium-99m stann'ous pyro-tigram"12-6 have all been proposed as diagnostic criteria for perioperative infarction. However, falsepositive and false-negative results have been noted with all of these techniques.'1 15, 17, 18 In the absenice of pathologic examination of the heart, the most specific indicator of perioperative infarction is the development of a new area of abnormal ventricular contraction.'9 Studies of the incidence of new wall motion abnormalities after bypass sur-gery6 19-21 have shown that most patients with new postoperative Q waves on electrocardiography have corresponding areas of new postoperative left ventricular dyssynergy on ventriculography. However, for a variety of reasons, some patients with new Q waves do not show new wall motion abnormalities. The relationships among postoperative development of Q waves, pyrophosphate myocardial scintigraphy and new wall motion abnormalities have not been examined.
The current study was undertaken to examine the
